We study the distribution of aluminum abundances among red giants in the peculiar globular cluster NGC 1851. Aluminum abundances were derived from the strong doublet Al i 8772-8773 Å measured on intermediate resolution FLAMES spectra of 50 cluster stars acquired under the Gaia-ESO public survey. We coupled these abundances with previously derived abundance of O, Na, Mg to fully characterize the interplay of the NeNa and MgAl cycles of H-burning at high temperature in the early stellar generation in NGC 1851. The stars in our sample show well defined correlations between Al,Na and Si; Al is anticorrelated with O and Mg. The average value of the [Al/Fe] ratio steadily increases going from the first generation stars to the second generation populations with intermediate and extremely modified composition. We confirm on a larger database the results recently obtained by us (Carretta et al. 2011a) : the pattern of abundances of proton-capture elements implies a moderate production of Al in NGC 1851. We find evidence of a statistically significant positive correlation between Al and Ba abundances in the more metal-rich component of red giants in NGC 1851.
Introduction
The ubiquitous presence in galactic globular clusters (GCs) of multiple stellar populations is amply assessed from the wealth of recent, high quality data (see e.g. the reviews by Gratton et al. 2004 , Martell 2011 and Gratton et al. 2012a . Spectroscopy, in particular (but in a few cases also the splitting of photometric sequences, see e.g. Piotto 2009 and Bragaglia 2010) does prove beyond all doubt that the stellar population in GCs is composed of at least two stellar generations, distinct in ages (with a slight age difference from a few million years up to a few 10 7 years, depending on the nature of polluters) and in particular in a chemical composition even hugely different between each other, although these two generations may not be often seen as discrete groups in the abundance planes and/or in the colour-magnitude diagram.
This chemical signature must be necessarily attributed to the action of the more massive stars of an early, first generation since only this kind of stars could be responsible for the present pattern of Na-O and Mg-Al anticorrelations observed in present day unevolved cluster stars , Send offprint requests to: E. Carretta, eugenio.carretta@oabo.inaf.it ⋆ Based on observations collected at ESO telescopes under programme 188.B-3002 through the nuclear processing of H burning at high temperature (Denisenkov & Denisenkova 1989 , Langer et al. 1993 .
Most evidence concerning multiple stellar populations, and the recently found links with global cluster parameters (like total mass, Carretta et al. 2010 , or horizontal branch morphology, Gratton et al. 2010 ) mainly stems from the Na-O anticorrelation, extensively studied thanks to modern facilities such as FLAMES@VLT (e.g. Carretta et al. 2009a,b) . This feature was soon realized to be related to the intrinsic mechanism of formation of GC and it is so widespread among GCs that can be considered as the simplest working definition of bona fide globular cluster 1 . However, since the study by Gratton et al. (2001) , it was immediately clear the importance of collecting the widest range of elements produced in proton-capture reactions. In particular, the "heaviest" light elements involved, such as Mg, Al and Si allow us to explore the hottest regime and cycles of the H burning. This is crucial in order to shed light on the still uncertain nature of the candidate polluters of the first stellar generation whose identification appears still problematic and debated, with favourite candidates being fast rotating massive stars (FRMA: Decressin et al. 2007) or intermediate mass asymptotic giant branch (AGB) stars (Ventura et al. 2001) 2 . To this aim we started to add Al abundances to the very large dataset with O, Na, Mg, Si abundances already in hand, by re-observing large sample of stars of our FLAMES survey of GCs. Proprietary data are being analyzed for a few key objects (see the results on NGC 6752, Carretta et al. 2012) . In the present note we exploit the observations made in NGC 1851 by the Gaia-ESO spectroscopic public survey, just started on FLAMES@VLT.
Observations
We retrieved from the ESO archive two exposures, of 600 sec each made with FLAMES mounted at VLT-UT2 and the high resolution grating HR21. The observations were carried out on UT 17 February 2012, with airmass z=1.115 and 1.155, respectively. The resolution of HR21 is 17,300 and the spectral range is from 8484 Å to 9001 Å, including the Al i doublet at 8772-73 Å, which is the feature that we use.
Data reduction was performed through the ESO FLAMES-Giraffe pipeline (version 2.8.9, http://www.eso.org/sci/software/pipelines//giraffe/giraf-pipe-recipes.html), which provides bias-corrected, flat-fielded, 1D-extracted and wavelength-calibrated spectra. Sky subtraction, combination of the two single exposures for each star, and rest-frame traslation were then carried out within IRAF 3 . A total of 84 stars were observed in the two exposures, however we restricted our attention to the sub-sample of 63 stars in common with the database by Carretta et al. (2011a) . For these stars we already have a full abundance analysis, with homogeneously determined atmospheric parameters, and abundances of light elements O, Na, Mg, Si. The spectral range of HR21 contains no useful Fe lines, hence we restricted the present analysis to this subsample. It was not possible to measure reliable Al abundances for 13 stars that are too hot (effective temperature higher than about 4900 K) or with lowquality spectra. Hence the final sample with a complete set of light-element abundances is represented by 50 red giant branch (RGB) stars, in a range of two magnitudes (from V ∼ 17 to V ∼ 15) approximatively centred at the luminosity of the bump on the RGB (V = 16.16, see Fig. 1 ). Relevant information on this final sample are listed in Table 1 . The cluster was observed as calibrator for the survey, so the desired S/N was set to the average one for survey stars, and not optimized to get a S/N ratio good also for the much weaker Al lines. The S/N ratios at 8800 Å, as measured on the combined spectra, range from 12 to 147 for the used sample, with a median value of 57. The average values of the S/N in 0.5 mag bins are shown in Fig. 1 , whereas individual values for each star are listed in Table 1 .
In Fig. 2 (upper panel) we compare the spectra of two stars with very similar atmospheric parameters (effective temperature T eff , surface gravity log g, overal metal abundance [Fe/H], and microturbulent velocity V t ): star 44939 (4425/1.60/-1.15/1.01) and star 35999 (4442/1.64/-1.15/0.81), with S/N ratios of 147 and 49, respectively. These are the coolest giants in our sample. We also superimpose the synthetic spectrum computed with the atmospheric parameters appropriate for star 35999 and no Al ([Al/Fe]=-9.99), to show the amount of possible contamination of Al lines by CN features (blue thin solid line). Another example is shown in the middle panel of Fig. 2 , where we compare a pair of RGB stars with similar parameters (star 22360: 4755/2.27/-1.15/0.86 and star 31520: 4756/2.28/-1.23/1.26) and S/N ratios close to the median value for the sample (S/N=60 and 61 for stars 22360 and 31520, respectively).
Analysis
Owing to the quality of spectra and to the weakness of Al i lines in rather warm giants we decided to derive the abundances from the comparison of the observed flux in the region of Al lines with the flux measured on synthetic spectra computed using the package ROSA (Gratton 1988) , with the following procedure. Table 1 . The C content adopted in this process is very likely much higher than the actual one, which for metal-poor giants in this evolutionary stage is expected to be about -0.6 dex. However, the meaning of [N/Fe] ratios is only indicative, since we lack precise abundances of C, so that these N abundances only indicate the value that reproduce the CN feature adequately.
Our line list, originally from B. Plez, was slightly modified by optimizing the position and strength of CN and Al lines to fit the high resolution spectrum of the cool and metal-rich (CN rich) giant µ Leo (see Gratton et al. 2006) .
Second, we coadded the observed spectra of the 10 stars with the highest S/N in our sample. On this spectrum we selected a region including the two Al lines and two other regions to be used to derive a local reference continuum. These regions are shown as shaded red and light blue areas in Fig. 2 . We then measured the average fluxes within the in-line region ( f Al ) and the reference continuum regions ( f 1 and f 2 ). We also estimated photometric errors in these regions from the S/N of the spectra and width (and then number of pixels) within each of these regions. Finally, we defined a line strength index for the Al lines as I Al = 2 f Al /( f 1 + f 2 ), with an error which is obtained by a suitable combination of the photometric errors. The same procedure was then repeated on a set of three synthetic spectra computed for each star using the appropriate atmospheric parameters (from Carretta et al. 2011a ) and abundances of [Al/Fe]=-0.5, 0.0, 0.5. Abundances of Al for each stars were then derived by interpolating the normalized flux in the line region among those obtained from the synthetic spectra. An error can be attached by comparing these Al abundances with those obtained entering a new value of the Al line strength index that is the sum of the original value and of its error. Whenever the measured value for the Al line strength index was smaller than twice the error, we considered that only an upper limit to Al abundances could be obtained. In this case, we assumed that the upper limit to Al abundances be equal to three times the error: this is a rather robust estimate of upper limit. This procedure avoids any subjective judgement, as suggested by the referee, and was applied to all the observed spectra with a S /N > 25: for lower S /N spectra we only obtained high upper limits that do not bear important information.
We notice that typical errors associated to the Al abundances obtained following this approach are in the range 0.1-0.4 dex. Star-to-star errors in the adopted atmospheric parameters are quite small (see Carretta et al. 2011a ) and less a source of concern. As discussed in Carretta et al. (2012) , NLTE effects are not a source of concern in the star-to-star analysis in NGC 6752; this is even more true when considering more metal-rich stars, as in the present case.
Results and discussion
The derived abundances of Al for our sample are listed in Table 1 . We obtained [Al/Fe] ratios for 60 stars, with 49 detection and 11 upper limits. Other abundances (for Fe, O, Na, Mg, Si) were taken from the analysis of Carretta et al. (2011a) and repeated for convenience in this Table. As mentioned in the Introduction, they are available for 50 stars.
Al abundances do not present any significant trend as a function of effective temperature or metallicity [Fe/H]. The expected correlations of Al with elements enhanced by protoncapture reactions (Na, Si) and the anticorrelations with those depleted in H-burning at high temperature (O, Mg) are illustrated in Fig. 3 .
As a comparison -and an useful check -we add to these relations also the abundances for 13 RGB stars with high resolution UVES spectra, with [Al/Fe] ratios obtained from the classical Al i doublet at 6696-98 Å in Carretta et al. (2011a) . Despite none of these 13 giants is in common with the stars in the present sample, the nice agreement we can see in Fig. 3 supports our abundance determination from medium-resolution GIRAFFE spectra.
Using a statistical cluster analysis, in Carretta et al. (2012a) we separated within NGC 1851 two stellar components, one more metal-rich/Ba-rich and the other more metal-and Bapoor, with evidence of a slightly more extreme processing among stars of the second generation of the metal-rich component. In Fig. 4 we show the cumulative distribution of Al abundance for stars in our present sample divided into the two components: a statistical Kolmogorov-Smirnov test on the cumulative distributions show evidence that the two distributions are actually different, concerning their Al abundance, although in this case the metal-rich component seems to be more Alpoor.
The range of [Al/Fe] ratios among giants of NGC 1851 is intermediate between the small range observed in GCs like M 4 (e.g. Marino et al. 2008 , Carretta et al. 2009b ) and the rather large range observed in massive GCs like NGC 2808 (Carretta et al. 2009b ).
On the other hand, Al-Si correlation observed in our GIRAFFE sample (lower right panel in Fig. 3 ) is found to be statistically significant at a confidence level higher than 97.5% (Pearson's correlation coefficient r = 0.29, 57 degree of freedom). This correlation demonstrates that part of the material polluting the gas used in the formation of second generation stars was processed under temperatures higher than about 65 MK. Indeed, this is the threshold value above which the reaction 27 Al(p,γ) 28 Si dominates on the 27 Al(p,α) 24 Mg reaction (see Arnould et al. 1999 ) and a certain amount of 28 Si is produced as a leakage from Mg-Al cycle (Karakas and Lattanzio 2003) . The correlation between Al and Si (or the corresponding Mg-Si anticorrelation) is now observed in a number of GCs (see Yong et al. 2005 and Carretta et al. 2009b , 2011a ) and confirmed to exist also in NGC 1851 by the present large sample.
Finally, we found that the average abundance of Al steadily increases as the chemical composition changes from the pattern typical of first generation stars to that of second generation stars with increasingly modified composition. By dividing our sample into the three components P, I, and E defined in Carretta et al. (2009a) (rms = 0.01, 2 stars) for the I and E components, respectively, of second generation stars in NGC 1851
5 . Looking at the relation between proton-capture and neutron-capture elements is of particular interest in this cluster. First, Yong and Grundahl (2008) found a correlation of Zr and La with Al in a few bright giants in NGC 1851. Carretta et al. (2011a) confirmed this correlation using a large sample of more than 120 giants; Gratton et al. (2012b) found a close correlation between Na and Ba among RHB stars; and finally Gratton et al. (2012c) found (i) a clearly different Sr and Ba abundances between the faint (larger abundances) and bright subgiant branches (SGBs) found by Milone et al. (2008) , and (ii) that a spread exists within both sequences.
In Fig. 5 we display the ratio [Al/Fe] as a function of [Ba/Fe] from Carretta et al. (2011a) for stars in the present sample, separating the metal-poor (green triangles) and metal-rich (orange squares) components.
Overall, no correlation is apparent between Al and Ba; however, when considering separately the two components, there seems to be a correlation among the metal-rich component: the Pearson linear correlation coefficient is 0.29 for a sample of 36 objects, which is significant to a level of confidence higher than 95%. This finding is supported by other evidence, since both Al (this paper) and Ba (Yong and Grundahl 2008; Carretta et al. 2011a ) are found to be correlated with Na.
Another confirmation comes from the relation of Al abundances with Strömgren photometry. This set of filters was recently found to be very sensitive to the abundance of light elements such as C and N (see Carretta et al. 2011a,b and Sbordone et al. 2011) , hence quite useful when coupled with abundances of light elements to explain segregations or split- ting observed in photometric sequences in particular clusters like NGC 1851.
In Fig. 6 we plot the y, u − y CMD where the upper RGB in NGC 1851 appears well separated. On this CMD stars of our sample are separated according to the Al abundances: red open symbols and blue filled symbols indicate respectively giants with [Al/Fe] higher or lower than the average value of the sample, 0.24 dex. Almost all stars with low Al content (except for three cases) define an extremely narrow stripe on the bluest envelope of the branch, whereas the high-Al stars are more spread out to the red, and the well separated reddest sequence contains almost only high Al objects, except for the three interlopers with low Al.
In Carretta et al. (2011a,b) we also showed that this red sequence is preferentially populated by giants with high Ba abundances and that the separation from the bluest sequence is mostly caused by a relevant excess in N.
Taking all these results into account, although this is not a 1 to 1 correlation, the trend of Al-rich stars to occupy preferentially the redder sequence suggests that, at least for the upper RGB, the Strömgren colours do measure N and are not strictly correlated with the progeny of SGB stars, in agreement with what found in Carretta et al. (2011a) using mainly O and Na abundances. In turn, we caution that any identification of the progeny of SGB stars only based on colour (see e.g. Han et al. 2009 ) must be regarded with caution, because there is no a one-to-one correlation, hence may be misguiding.
Together with results on SGB stars by Gratton et al. (2012c) we can conclude that stars on the faint SGB are predominantly -but non only -N-rich (hence they occupy a redder position on the RGB, in Strömgren colours), while the stars on the bright SGB are about 1/3 N-rich and 2/3 N-poor (hence they are mostly blue in the Strömgren colours).
In summary, the Al abundances we obtained from spectra acquired as calibration within the Gaia-ESO public survey add another constraint to the complex scenario of the star formation in NGC 1851: both the putative populations hosted in this cluster have not only a spread in Na, but also an Al spread, and the two are quite similar in both populations. 
